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GPU@*%E(TES LA K40) 192 CUDA core/SM
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. <ANVIDIA.



BIOINFORMATICS COMPUTATIONAL CHEMISTRY COMPUTATIONAL FLUID DYNAMICS

DEFENSE NUMERICAL ANALYTICS
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http://code.google.com/p/thrust/downloads/list
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cuDNN F4—J5->JmI514735Y
CUBLAS BLASTA4J3!

CUFFT Fast Fourier Transforms34J3Y)
CURAND aLEER 1T SV

CUSPARSE FRITHISAT 35N

cuSOLVER Lapack34J3UD—EB

Thrust 57 )V IUR L C++ STL

CUDAY =)L Hy MIAREEFE S, (—30, TR0/ —BRLE)
developer.nvidia.com/cuda-downloads
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void saxpy(int n, float a, __global  void saxpy(int n, float a,
float *x, float *y) float *x, float *y)
{ {

for (Iint 1 ;1. < n; ++1)

cudaMemcpy(d_x, x, size, cudaMemcpyHostToDevice);
. cudaMemcpy(d_ vy, y, size, cudaMemcpyHostToDevice);
saxpy(N, 3.0, X, y); saxpy<<< N/128, 128 >>>(N, 3.0, d x, d y);

cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost);
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void saxpy(int n,
float a,
float *x,
float *restrict y)
{
#pragma omp parallel for
for (inti=0; i< n; ++i)
y[i] += a*x[il;
}

saxpy(N, 3.0, X, Y);

void saxpy(int n,
float a,
float *x,
float *restrict y)
{
#pragma acc parallel copy(y[:n]) copyin(x[:n])
for (int i =0; i <n; ++i)
y[i] += a*x[i];
}

saxpy(N, 3.0, X, y);

12
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void saxpy(int n, float a,
float *x, float *y)

{
for (int 1 = 0; 1 < n; ++1)
y[i] += a*x[i];

saxpy(N, 3.0, X, y);

__global __ void saxpy(int n, float a,
float *x, float *y)

{

nt 1 = threadldx.x + blodkDim.x * blockldx;
f (i <n)
yLi]l += a*x[i];

size_t size = sizeof(float) * N;

cudaMemcpy(d _x, x, size, cudaMemcpyHostToDevice);
cudaMemcpy(d vy, y, size, cudaMemcpyHostToDevice);
saxpy<<< N/128, 128 >>>(N, 3.0, d x, d y);
cudaDeviceSynchronize();

cudaMemcpy(y, d y, size, cudaMemcpyDeviceToHost);

15
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void saxpy(int n, float a,
float *x, float *y)

{
for (int 1 = 0; 1 < n; ++1)
y[i] += a*x[i];

saxpy(N, 3.0, Xx,

__global __ void saxpy(int n, float a,
float *x, float *y)

{
= threadldx.x + blodkDim.x * blockldx;

yLi] += a*x[i];

size t size = sizeof(float) * N;

cudaMemcpy(d _x, x, size, cudaMemcpyHostToDevice);
cudaMemcpy(d vy, y, size, cudaMemcpyHostToDevice);
| saxpy<<< N/128, 128 >>>(N, 3.0, d x, dy);
| cudaDeviceSynchronize(; ...

cudaMemcpy(y, d y, size, cudaMemcpyDeviceToHost);

17 NVIDIA




void saxpy(int n, float a,
float *x, float *y)
{
for (int 1 = 0; 1 < n; ++1)
y[i] += a*x[i];

saxpy(N, 3.0, Xx,

__global __ void saxpy(int n, float a,
float *x, float *y)
{
Int 1 = threadldx.x + blodkDim.x * blockldx;
it (i <n)
y[i] += a*x[i];

saxpy<<< N/128, 128 >>>(N, 3.0, X, Y);
cudaDeviceSynchronize();

NVIDIA




CPU

void saxpy(int n, float a,
float *x, float *y)

~_global  voird saxpy(int n, float a,
float *x, float *y)
{
Int 1 = threadldx.x + blodkDim.x * blockldx.x;
it (i <n)
y[i] += a*x[i];

{

for (int 1 = 0; 1 < nj; ++1)
y[i] += a*x[i];
+

saxpy(N, 3.0, X, y); saxpy<<< N/128, 128 >>>(N, 3.0, d x, d y);

GPUN—XI)b: 1DDGPUR LY ROIBARSFZEduh
HAR: 1DOGPUALYRD, 1D0ESEXRZIHY
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~_global  void saxpy(int n, float a,
float *x, float *y)

int i = threadldx.x + blodkDim.x * blockldx.x:
if (i <n)
y[i] += a*x[i];

saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);

IOy x TOvIHY4X = BehIERER -,
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~_global  void saxpy(int n, float a,
float *x, float *y)
{
Int 1 = threadldx.x + blodkDim.x * blockldx.x;
it (i <n)
y[1] += a*x[i];

saxpy<<< N/256, 256 >>>(N, 3.0, d_x, d_y);

IOy x TOvIHY4X = BehIERE 2 @winta.



{
= threadldx.x + blodkDim.x * blockldx.Xx;

threadldx.y + blodkDim.y * blockldy.y; -
I <N& J <N)
[i10i] = ALYI0I] + BLi1LD:
by

dim3 numBlocks( N/sizeBlock.x, N/sizeBlock.y );
MatAdd<<< numBlocks, sizeBlock >>>(A, B, C);

JOvIY4 X0 0OvIR2K) (&, 1D~3DTFRIR O] 6E
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(0,0)

dim3 sizeBlock(16,16) si1zeBlock(32,8)

(1,0) (2,0)

05,15

(1,1) (2,1)

(1,2) (2,2)

ARSI 409l | AL vRID(threadIdx)
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Maxwell: 1284

Other units
LD/ST, SFU, etc
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Tex/L1¥vv 1
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void saxpy(int n, float a, __global__ void saxpy(int n, float a,
float *x, float *y) float *x, float *y)
{ {
for (inti=0;i<n; ++i) int i = threadldx.x + blodkDim.x * blockldx;
y[i] += a*x[i]; if (i<n)
} yli] += a*x[i];
}

cudaMemcpy(d_x, X, size, cudaMemcpyHostToDevice);
cudaMemcpy(d_y, vy, size, cudaMemcpyHostToDevice);
saxpy(N, 3.0, X, y); saxpy<<< N/128, 128 >>>(N, 3.0, d_x, d_y);

cudaMemcpy(y, d_y, size, cudaMemcpyDeviceToHost);




OpenMP

void saxpy(int n,
float a,
float *Xx,
float *restrict y)

void saxpy(int n,
float a,
float *x,

float *restrict y)
{

#pragma omp parallel for
for (int 1 = 0; 1 < nj; ++i)
y[i] += a*x[i];

{
#pragma acc parallel copy(y[:n]) copyin(X[:n])
for (int 1 = 0; 1 < n; ++1)
y[i] += a*x[i];

saxpy(N, 3.0, X, Yy); saxpy(N, 3.0, X, y);

omp = acc T —HDIEEN

53 NVIDIA.



OpenMP

subroutine saxpy(n, a, X, Y)
real -: a, X(:), Y(2)
integer : n, 1

subroutine saxpy(n, a, X, Y)
real :: a, Y(:), Y()
integer -: n, 1

1$3acc parallel copy(Y(:)) copyin(X(:))
do 1=1,n
MOREE-W{ORO)
enddo
1$acc end parallel
end subroutine saxpy

1Somp parallel do
do 1=1,n
MO REE-W{ORO)
enddo
1$omp end parallel do
end subroutine saxpy

call saxpy(N, 3.0, X, Yy)

Bk

call saxpy(N, 3.0, X, y)

Al

FORTRAN®

54 NVIDIA.
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OpenMP / OpenACC

$ pgcc -Minfo -acc saxpy.c
saxpy:

16, Generating present_or_copy(y[:nD
Generating present_or_copyin(X[:n])
Generating Tesla code

19, Loop is parallelizable
Accelerator kernel generated

19, #pragma acc loop gang, vector(128) /* blockldx.x threadldx.x */

55 <ANVIDIA.



R (CSR1T

OpenMP / OpenACC

$ nvprof ./a.out
==10302== NVPROF 1is profiling process 10302, command: ./a.
==10302== Profiling application: ./a.out
==10302== Profiling result:
Time(%) Time Calls Avg Min Max Name
62.95% 3.0358ms 2 1.5179ms 1.5172ms 1.5186ms [CUDA memcpy HtoD]
31.48% 1.5181ms 1 1.5181ms 1.5181ms 1.5181ms [CUDA memcpy DtoH]
5.56% 268.31lus 1 268.31us 268.31us 268.31lus saxpy_19 gpu

_ 56 <A NVIDIA.
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while ( error > tol ) {
error = 0.0;

for (int j = 1; j
for (int 1 = 1;
Anew[j]I1] =

< N-1; j++) {

1 < M-1; 1++) {
(A[j1Li+1] + ALg]1Li-1] +
AD-11011 + AD+1]1[1]) * 0.25;

error = max(error, abs(Anew[j1[i]1 - A[I1[iD):;

}

}

for (int j = 1; j < N-1; j++) {
for (int & = 1; 1 < M-1; i++) {
AOILI] = Anew[j][1];

—®
J) AL A(

J
+1,j)

AG,j-1)
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whille ( error > tol ) {
error = 0.0;

#pragma acc kernels
for (int jJ = 1; J < N-1; j++) {
for (aint 1 = 1; 1 < M-1; 1++t) {
Anew[J1[1]1 = CADILi+11 + ADg1[i-1] +
AD-110] + ADg+11L00]) * 0.25;

error = max(error, abs(Anew[j]ll1] - AL1lL1]D);

¥
¥

#pragma acc kernels
for (int jJ = 1; jJ < N-1; j++) {
for (int 1 = 1; 1 < M-1; 1++) {
ADOIILN] = Anew[31[11];

5 RIEkDIETE

Parallels &
Kernels

Parallels
OpenMPESRFN4E
FFEB TR

Kernels

B kernel D& K
AN 5FEAR
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$ pgcc —acc jacobi.c
jacobi:
44, Generating copyout(Anew[1:4094][1:4094])
Generating copyin(AL:1[:D
Generating Tesla code
45, Loop i1s parallelizable
46, Loop i1s parallelizable
Accelerator kernel generated
45, #pragma acc loop gang /* blockldx.y */
46, #pragma acc loop gang, vector(128) /* blockldx.x threadldx.x */
49, Max reduction generated for error

60 NVIDIA.



WiH 8l (kernels construct)

A BUSEIDIETE
Parallels &
for (int j 0 ; J+) { Kernels
for (int i ; ; 1++) {

$ pgcc -Minfo=acc -acc jacobi.c
jacobi:
59, Generating present_or_copyout(Anew[1:4094][1:4094])
Generating present_or_copyin(A[L:1[:D
Generating Tesla code
61, Loop is parallelizable
63, Loop is parallelizable
Accelerator kernel generated
61, #pragma acc loop gang /* blockldx.y */
63, #pragma acc loop gang, vector(128) /* blockldx.x threadldx.x */
Max reduction generated for error




—F#K3X (data clause)

while ( error > tol ) { jﬁyljﬁﬁiﬁjzd)j:gri

error = 0.0;
Parallels &

#pragma acc kernels
for (int j = 1; j < N-1; j++) { Kerne|5
for (int 1 = 1; 1 < M-1; 1++) {
Anew[J1[1] = (A['J][l+1f]+A[l][ll]-F

41 -1 I i B i Y e W e ¥

$ pgcc —Minfo—acc -acc _jaCObI.
jacobi:
59, Generating present_or_copyout(Anew[1:4094][1:4094])
Generating present_or_copyin(A[L:1[:D
Generating Tesla code
61, Loop is parallelizable
63, Loop is parallelizable
Accelerator kernel generated
61, #pragma acc loop gang /* blockldx.y */
63, #pragma acc loop gang, vector(128) /* blockldx.x threadldx.x */
Max reduction generated for error




F—#ERiX (DATA CLAUSE)

while ( error > tol ) { copyin (Host->GPU)
error = 0.0; copyout (Host<GPU)
#pragma acc kernels \ Copy
pcopyout(Anew[1:4094][1:4094]) pcopyin(A[:1I:D
for (int j = 1; j < N-1; j++) { create
for (int 1 = 1; 1 < M-1; 1++) {
Anew[J1[1] = CALJ]I+1] + A[g]i-1] + present
AD-1101] + ADg+1100]) * 0.25;
= , abs(A J10i] - A1 D) :
; S1ggelg max(error, abs(Anew[j][1] 11D pcopyin
h pcopyout
#pragma acc kernels \ pCcopy
pcopyout(A[1:4094][1:4094]) pcopyin(Anew[1:4094][1:4094])
for (int j = 1; j < N-1; j++) { pcreate

for (int 1 = 1; 1 < M-1; 1++) {
AOIL] = Anew[j1[i];

63 <ANVIDIA.



BeHld. EEZRTH, —ElElH 5 ELUTEnXd 3L 0]EE
SEE: C/C++ & FortranTIXIETESENERS

C/C++: array| start : ]
float Anew[4096][4096]
pcopyout( Anew[1:4094][1:4094]) pcopyin( A[:]1[:]) )

Fortran: array( start : )
real Anew(4096,4096)
pcopyout( Anew(2:4095, 2:4095) ) pcopyin( A(:,:) )



while ( error > tol ) { copyin (Host->GPU)
SN = .0k copyout (Host&GPU)

#pragma acc kernels \ copy
pcopy(Anew[:1[:1) pcopyin(AL:1L:1D
for (int jJ = 1; jJ < N-1; j++) {
for (int 1 = 1; 1 < M-1; i++) {
Anew[31[1]1 = CAOLi+1] + ADgI[i1-1] +
ADO-1101] + Ag+11[08]) * 0.25;
error = max(error, abs(Anew[j][1] - ALl D):;

}
}

#pragma acc kernels \
pcopy(AL:=1L:1) pcopyin(Anew[:]1[:1)
for (int j = 1; j < N-1; j++) {
for (int 1 = 1; 1 < M-1; 1++t) {
AOIL] = Anew[j1[i];

65 NVIDIA.




$ ./a.out

Accelerator Kernel Timing data
/home/anaruse/src/0OpenACC/jacobi/C/taskl-solution/jacobi.c
jacobi NVIDIA devicenum=0
time(us): 649,886
44: data region reached 200 times
44: data copyin transfers: 800
device time(us): total=14,048 max=41 min=15 avg=17
53: data copyout transfers: 800
device time(us): total=11,731 max=43 min=6 avg=14
44: compute region reached 200 times
46: kernel launched 200 times
grid: [32x4094] block: [128]
device time(us): total=382,798 max=1,918 min=1,911 avg=1,913
elapsed time(us): total=391,408 max=1,972 min=1,953 avg=1,957
46: reduction kernel launched 200 times
grid: [1] block: [256]
device time(us): total=48,235 max=242 min=241 avg=241
elapsed time(us): total=53,510 max=280 min=266 avg=267 66 <ANVIDIA.
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$ _/a.out

upload CUDA data TfTile=/home/anaruse/src/0OpenACC/jacobi/C/taskl-
solution/jacobi.c function=jacobi li1ne=44 device=0 variable=A bytes=16777216

launch CUDA kernel fTile=/home/anaruse/src/OpenACC/jacobi1/C/taskl-
solution/jacobi.c function=jacobi line=46 device=0 num_gangs=131008
num_workers=1 vector_length=128 grid=32x4094 block=128 shared memory=1024

download CUDA data TfTile=/home/anaruse/src/0OpenACC/jacobi/C/taskl-
solution/jacobi.c function=jacobi li1ne=53 device=0 variable=Anew bytes=16736272
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while ( error > tol ) {
error = 0.0;

#pragma acc kernels \
pcopy(Anew[:1[:1) pcopyin(AL:1[:1D
for (int j = 1; jJ < N-1; j++) {
for (int 1 = 1; 1 < M-1; 1++t) {
Anew[J1[1]1 = CADOLi+1] + ADgI[1-1] +
ADO-1101] + AQg+11[i]) * 0.25;
error = max(error, absCAnew[j][1] - ALl D);

}
}

#pragma acc kernels \
pcopy(AL:1L:1) pcopyin(Anew[:1[:1)
for (int j = 1; j < N-1; j++) {
for (int 1 = 1; 1 < M-1; i++) {
ADIL] = Anew[3][1];
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Host

while ( error > tol ) {
error = 0.0;

#pragma acc kernels \
pcopy(Anew[:-1[:D \
pcopyin(AL:1L:1)

}

#pragma acc kernels \
pcopy(AL:1L:-1) \
pcopyin(Anew[:]1[:D

copyin

copyout

copyin

copyout

#pragma acc loop reduction(max:error)
for (int j = 1; j < N-1; j++) {
for (int 1 = 1; 1 < M-1; 1++) {
Anew[j1[11 = (AO1Li+1]1 + ADJQLi-1] +
A -110i1 + ADg+11L0i]) * 0.25;

error = max(error, abs(Anew[j]1[i] - ALJ1LTD);

}
}

for (int jJ =1; jJ <
for (int 1 = 1; 1
AlJ1L1] = Anew[}
by
by

-1; j++) {
M-1; i++) {
[il:

N
<
1

<2 NVIDIA.




#pragma acc data pcopy(A, Anew)
whille ( error > tol ) {
error = 0.0;

#pragma acc kernels pcopy(Anew|[:]1[:1) pcopyin(A[:1I:D
for (int j = 1; j < N-1; j++) {
for (int 1 = 1; 1 < M-1; 1++) {
Anew[J1L[1]1 = CADILi+11 + ADg1[i-1] +
AD-1101] + ADg+1100]) * 0.25;
error = max(error, absCAnew[j][1] - ALJ1LiD);
+
+

#pragma acc kernels pcopy(A[:1[:1) pcopyin(Anew[:][:1D
for (int jJ = 1; jJ < N-1; j++) {
for (int 1 = 1; 1 < M-1; 1++) {
ADOIILN] = Anew[31[11];

copyin (CPU->GPU)
copyout (CPU<GPU)

copy
create

present

pcopyin
pcopyout

pcopy
pcreate
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#pragma acc data pcopy(A) create(Anew) copyin (CPU->GPU)
whille ( error > tol ) { copyout (CPUGGPU)

error = 0.0;

Copy
#pragma acc kernels pcopy(Anew|[:]1[:1) pcopyin(A[:1I:D
for (int j = 1; j < N-1; j++) { create
for (aint 1 = 1; 1 < M-1; 1++) { present
Anew[J1L[1]1 = CADILi+11 + ADg1[i-1] +
AD-1101] + ADg+11L00]) * 0.25;
error = max(error, abs(Anew[j][1] - ADO1LiD): -
) pcopyin
s pcopyout
#pragma acc kernels pcopy(A[:1[:1) pcopyin(Anew[:]1[:1D PCopy
for (int j = 1; j < N-1; j++) { pcreate

for (int 1 = 1; 1 < M-1; 1++) {
ADOIILN] = Anew[31[11];
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#pragma acc data \
pcopy(A) create(Anew)
while ( error > tol ) {
error = 0.0;

#pragma acc kernels \
pcopy(Anew[:1[:1) \
pcopyin(AL:1L:-1D

#pragma acc kernels \
pcopy(AL:1L:-1) \
pcopyin(Anew|[:1[: D

for (int j =
for (int i
Anew[J1[1

1; 3 < N-1; j++) {
=1; 1 < M-1; 1++) {
1 = (AO1Li+1] + ADJ1Li-1] +
AL 1101 + AL+11L0i1) * 0.25;
error = max(error, abs(Anew[jl1[i] - ALJ1LiD);
¥
¥

for (int jJ = 1; jJ < N-1; j++) {
for (int 1 = 1; 1 < M-1; i++) {
ALIILE] = Anew[j]1Li];
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float *array;

Init( ) { Copyin
:;u-rl-ray = (float*)malloc( .. ); Create_
input_array( array ); Pcopyln
#pragma enter data copyin(arra

brag Pyin(array) Pcreate

}

Fin( ) {

#él-ragma exit data copyout(array) Copyout

output _array( array );
free( array ); Delete
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#pragma acc data pcopy(A,B)
for (k=0; k<LOOP; k++) {
#pragma acc kernels present(A,B) CPU < GPU
for (1=0; i<N; i++) {
A[1] = subA(i,A,B);
+

#pragma acc update self(A[0:1]) CPU - GPU
output[k] = A[O];

A[N-1] = i1nput[Kk];
#pragma acc update device(A[N-1:1])

#pragma acc kernels present(A,B)
for (i1=0; i<N; 1++) {

B[1] = subB(i,A,B);
+
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whille ( error > tol ) {
error = 0.0;

#pragma acc kernels
for (int j = 1; j < N-1; j++) {
for (aint 1 = 1; 1 < M-1; 1++t) {
Anew[j1I1] = CALJ1Ii+1] + A[J]1Li-1] +
AO-1101] + ADO+11L0E]) * 0.25;
error = max(error, abs(Anew[j]ll1] - AL1ll1]D);

79

NVIDIA.



Y MEVIL T VE

$ pgcc -Minfo=acc -acc jacobi.c
jJacobi:
59, Generating present_or_copyout(Anew[1:4094][1:4094])
Generating present_or_copyin(AL:1L:D
Generating Tesla code
61, Loop is parallelizable
63, Loop is parallelizable
Accelerator kernel generated
61, #pragma acc loop gang /* blockldx.y */
63, #pragma acc loop gang, vector(128) /* blockldx.x threadldx.x */
Max reduction generated for error




e K
whille ( error > tol ) { 3 E
error = 0.0;

#pragma acc kernels EH:I
#pragma acc loop reduction(max:error)
for (int j = 1; j < N-1; j++) { /~E§
for (aint 1 = 1; 1 < M-1; 1++t) { -~
Anew[J1[1]1 = CADILi+1] + ADg1[i-1] + =
AG-11[i] + AL+11[i1) * 0.25; A
error = max(error, abs(Anew[j]ll1] - AL1ll1]D); EEQ/ \

Ey M
Ey &
XOR

A
LR
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#pragma acc data pcopy(A) create(Anew)
while ( error > tol ) {
error = 0.0;

#pragma acc kernels pcopy(Anew|[:]1[:1) pcopyin(A[:1I:D
#pragma acc loop reduction(max:error)
for (int jJ = 1; J < N-1; j++) {
for (int 1 = 1; 1 < M-1; 1++) {
Anew[J1L1] = CADILi+11 + ADgI[i-1] +
AD-1101]1 + ADg+11L1]) * 0.25;

error = max(error, absCAnew[j]ll1] - AL]L1]D);
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W5 75 EDIER

$ pgcc -Minfo=acc -acc jacobi.c
jacobi:
59, Generating present_or_copyout(Anew[1:4094][1:4094])
Generating present_or_copyin(AL:1L:D
Generating Tesla code
61, Loop is parallelizable
63, Loop is parallelizable
Accelerator kernel generated
61, #pragma acc loop gang /7* blockldx.y */
63, #pragma acc loop gang, vector(128) /* blockldx.x threadldx.x */
Max reduction generated for error




#pragma acc data pcopy(A) create(Anew)
whille ( error > tol ) {
error = 0.0;

#pragma acc kernels pcopy(Anew[:]1[:1) pcopyin(AL:1[:D
#pragma acc loop gang vector(l) reduction(max:error)
for (int jJ = 1; jJ < N-1; j++) {

#pragma acc loop gang vector(128)

for (int 1 = 1; 1 < M-1; 1++) {

Anew[j1L[i]1 = CADOILi+11 + ADg1[i-1] +
A -110] + ADg+11L00]) * 0.25;
error = max(error, absCAnew[j][1] - ALJ]LTD);

Worker

... SIMDII5

Collapse

Independent

Seq
Cache
Tile
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#pragma acc loop gang vector(8)
for (j = 1; j < 16; j++) {
#pragma acc loop gang vector(8)

#pragma acc loop gang vector(4)
for (j = 0; j < 16; j++) {

#pragma acc loop gang vector(16)

for (i = 0; 1 <16; 1++) {

AdEEEEEEEEEEEEEEN
I [ ARAa@ [ [ ][]

X T
!--------------Q
AEEEEEEEEEEEEEEL
EREEEDIVPYINEREN
X T
N L
AEEEEEEEEEEEEEE
EEEEEDIVPTINEEN
O

N

N

]

N ]

AdEEEEEEEEEEEN
T Ak als | |

A A

for (i = 0; 1 <16; 1++) {

HEEEL' dEEREEEL
HEEEE EEEEEEEE
HEEEE EEEEEEEE
v
7]

]

N

ava | ayvaq |
OIAO [ OAO ]
HEEEEEE EEEEEEEE
HEEEEEE EEEEEEER
L AL L

HEEEEE). JEEEEEEL

'dEEEEEEL

~

4
HEEEEEEEE EEEEEEEN
HEEEEEEEE EEEEEEEE
 ava | ava |
|  OAQO |} OAO =
BRI
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#pragma acc data pcopy(A) create(Anew)
while ( error > tol ) {
error = 0.0;

#pragma acc kernels pcopy(Anew[:][:1) pcopyin(AL:1[:D
#pragma acc loop reduction(max:error) \

collapse(2) gang vector(128)
for (int jJ = 1; J < N-1; j++) {

for (int 1 = 1; 1 < M-1; i++) {
Anew[J1[1]1 = CADOLi+1] + ADgI[1-1] +
ADO-1101] + Ag+11[i]) * 0.25;
error = max(error, absCAnew[j][1] - AL1l[iD):;

Gang
Worker
Vector ... SIMDI&

Independent
Seq

Cache

Tile
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#pragma acc data pcopy(A) create(Anew)
while ( error > tol ) {
error = 0.0;

#pragma acc kernels pcopy(Anew[:][:1) pcopyin(AL:1[:D
#pragma acc loop reduction(max:error) gang vector(128)
for (int ji = 0; ji < (N-2)*(M-2); ji++) {

J =Qqgn /7 (M-2)) + 1;

1 = gr % (M-2)) + 1;

Anew[J1[1]1 = CADOLi+1] + ADgI[i1-1] +
ADO-1101] + Ag+11[0i]) * 0.25;

error = max(error, absCAnew[j][1] - AL1l[iD):;

Gang
Worker
Vector ... SIMDI&

Independent
Seq

Cache

Tile
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#pragma acc data pcopy(A) create(Anew)
while ( error > tol ) {
error = 0.0;

#pragma acc kernels pcopy(Anew[:][:1) pcopyin(AL:1[:D
#pragma acc loop reduction(max:error) independent
for (int jj = 1; jj < NN-1; jj++) {

int j = list_jljil;

for (int 1 = 1; 1 < M-1; 1++) {

Anew[J1[1]1 = CADOLi+1] + ADgI[1-1] +
ADO-1101] + Ag+11[i]) * 0.25;
error = max(error, absCAnew[j][1] - AL1l[iD):;

Gang
Worker
Vector ... SIMDI&

Collapse
Seq

Cache
Tile
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Gang

#pragma acc kernels pcopy(Anew|[:]1[:1) pcopyin(A[L:1I:D Worker
#pragma acc loop seq =
for (int k = 3; k < NK-3; k++) { Vector ... SIMDIE
#pragma acc loop
for (int j = 0; jJ < NJ; j++) {
#pragma acc loop Collapse
for (int 1 = 0; 1 < NI; i++) {
Anew[K1Li1Li] = Func( Independent
Alk-11010v]. ALk-210101], ALK-31031[11,
ALk+11010v],. ALk+2103101],. ALk+31031L1],
Cache
Tile
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